Fission Mode Influence on Prompt Neutrons and γ-rays Emitted in the Reaction 239Pu(nth,f)  by Serot, O. et al.
  Physics Procedia  59 ( 2014 )  132 – 137 
Available online at www.sciencedirect.com
1875-3892 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).














VKDUH RI WKH DYDLODEOH H[FLWDWLRQ HQHUJ\ DW VFLVVLRQ EHWZHHQ WKH WZR QDVFHQW ILVVLRQ IUDJPHQWV ,QLWLDOO\ DIWHU WKH IXOO
DFFHOHUDWLRQ RI WKH ILVVLRQ IUDJPHQWV WKHVH H[FLWDWLRQ HQHUJLHVZHUH WUHDWHG ZLWKLQ D )HUPLJDV DSSUR[LPDWLRQ LQ D7
ZKHUH D DQG 7 VWDQG IRU WKH OHYHO GHQVLW\ SDUDPHWHU DQG WKH QXFOHDU WHPSHUDWXUH DQG DPDVV GHSHQGHQW ODZ RI WKH
WHPSHUDWXUHUDWLR57 7/7+ZLWK7/DQG7+WKHWHPSHUDWXUHRIWKHOLJKWDQGKHDY\IUDJPHQWKDVEHHQSURSRVHG:LWK
WKLV57ODZ WKHPDLQ ILVVLRQREVHUYDEOHVRI WKH &IVI FRXOGEH UHSURGXFHG+HUH LQ RUGHU WR WDNH LQWR DFFRXQW WKH
ILVVLRQPRGHVE\ZKLFKWKHILVVLRQLQJQXFOHXVXQGHUJRHVWRILVVLRQZHKDYHDGRSWHGDVSHFLILF57ODZIRUHDFKILVVLRQ













© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Guest Editor: Mr. Stephan Oberstedt - stephan.oberstedt@ec.europa.eu
 O. Serot et al. /  Physics Procedia  59 ( 2014 )  132 – 137 133
,QWURGXFWLRQ
$ UHFHQW0RQWH &DUOR FRGH FDOOHG ),)5(/,1 KDV EHHQ GHYHORSHG DW &($&DGDUDFKH ZLWK WKH DLP RI
FDOFXODWLQJWKHPDLQREVHUYDEOHVHQHUJ\VSHFWUXPPXOWLSOLFLW\RIWKHHPLWWHGSURPSWSDUWLFOHV,QWKHILUVW
UHOHDVH RI WKH FRGH /LWDL]H DQG 6HURW  RQO\ WKH SURPSW QHXWURQ HPLVVLRQ ZDV VLPXODWHG XVLQJ D
:HLVVNRSIVSHFWUXPIRUWKHGLVWULEXWLRQRIWKHLUNLQHWLFHQHUJ\,QDPRUHUHFHQWUHOHDVH5HJQLHUHWDO
DQG5HJQLHUHWDOWKHGHH[FLWDWLRQRIWKHILVVLRQIUDJPHQWVLVWUHDWHGE\XVLQJWKH+DXVHU)HVKEDFK







7KH FDOFXODWLRQ SURFHGXUH LV GRQH LQ VHYHUDO VXFFHVVLYH VWHSV ZKLFK DUH EULHIO\ GHVFULEHG KHUH 0RUH
GHWDLOVFDQEHIRXQGLQ/LWDL]HHWDO5HJQLHUHWDODQG5HJQLHUHWDO
x 7KHILUVWVWHSFRQVLVWVLQWKHGHWHUPLQDWLRQRIWKHOLJKWIUDJPHQWPDVV$/,QWKHSUHVHQWZRUNWKLVPDVV
LV REWDLQHG IURP D VDPSOLQJ RI WKH SUHQHXWURQ PDVV GLVWULEXWLRQ ZKLFK ZDV GHGXFHG IURP WKH ILVVLRQ
PRGH FKDUDFWHULVWLFV VHH VHFWLRQ  7KH QXFOHDU FKDUJH =/ LV FDOFXODWHG IURP WKH :DKO V\VWHPDWLF
:DKO ZKLFK WDNHV LQWR DFFRXQW WKH FKDUJH SRODULVDWLRQ DQG WKH RGGHYHQ HIIHFW 7KHPDVV DQG
FKDUJHRIWKHKHDY\IUDJPHQWFDQWKHQEHGHGXFHG$+ $&1$/DQG=+ =&1=/ZKHUH$&1DQG=&1DUHWKH
PDVVDQGWKHFKDUJHRIWKHFRPSRXQGILVVLRQLQJQXFOHXVKHUH$&1 =&1 
x 7KH7RWDO.LQHWLF(QHUJ\ 7.( LV VDPSOHG IURP WKHSUHQHXWURQNLQHWLFHQHUJ\GLVWULEXWLRQZKLFKKDV
DOVREHHQGHWHUPLQHG IURP WKH ILVVLRQPRGHFKDUDFWHULVWLFV VHH VHFWLRQ7.( LV VKDULQJEHWZHHQ WKH
OLJKWDQGWKHKHDY\IUDJPHQWIURPWKHPRPHQWXPFRQVHUYDWLRQODZ7KH7RWDO([FLWDWLRQ(QHUJ\7;(
DYDLODEOHDW VFLVVLRQFDQ WKHQEHGHGXFHG7;( 4(Q%Q7.(ZKHUH(Q DQG%Q DUH UHVSHFWLYHO\ WKH
LQFLGHQWQHXWURQHQHUJ\KHUH(Q PH9DQG%QWKHQHXWURQELQGLQJHQHUJ\
x 7KHPDLQ SDUW RI WKH GHIRUPDWLRQ HQHUJ\ RI WKH QDVFHQW ILVVLRQ IUDJPHQWV DW VFLVVLRQ LV DVVXPHG WR EH
FRQYHUWHGLQWRLQWULQVLFH[FLWDWLRQHQHUJ\GXULQJWKHILVVLRQIUDJPHQWDFFHOHUDWLRQSKDVH2KVDZD





// ((((7;(   %\ FRQVLGHULQJ ILVVLRQ IUDJPHQWV DV D)HUPL JDV WKHLU LQWULQVLF H[FLWDWLRQ
HQHUJ\  +/(  LV LQ  +/+/ 7D  ZKHUH ³D´ LV WKH OHYHO GHQVLW\ SDUDPHWHU FDOFXODWHG IURP ,JQDW\XN¶VSUHVFULSWLRQDQG7 WKHLUQXFOHDUWHPSHUDWXUH7KHSDUWLWLRQLQJRIWKLVLQWULQVLFH[FLWDWLRQHQHUJ\EHWZHHQ


















ZKHUH +/V LV WKH VSLQ FXWRII IRU WKH OLJKW DQG WKH KHDY\ IUDJPHQWV/ DQGV+DUH WZR IUHHSDUDPHWHUV
ZKLFK ZHUH FKRVHQ WR JHW D FORVH DJUHHPHQW ZLWK WKH WRWDO SURPSW QHXWURQ PXOWLSOLFLW\ ! /V DQG
! +V 
134   O. Serot et al. /  Physics Procedia  59 ( 2014 )  132 – 137 
x 2QFHDOOSUHYLRXVVWHSVDUHFRPSOHWHGHDFKILVVLRQIUDJPHQWLVFKDUDFWHUL]HGE\WKHIROORZLQJTXDQWLWLHV
$ = -S ( (URW 7KH GHH[FLWDWLRQ RI WKH ILVVLRQ IUDJPHQWV LV WKHQ VLPXODWHG E\ XVLQJ WKH +DXVHU
)HVKEDFKVWDWLVWLFDOPRGHOZKLFKKDVWKHDGYDQWDJHWRWDNHLQWRDFFRXQWRIWKHFRQVHUYDWLRQODZVIRUWKH








FKDUDFWHULVWLFV XVHG LQ WKHSUHVHQWZRUN DUH JLYHQ LQ7DE )URP WKHVHSDUDPHWHUV WKHSUHQHXWURQPDVV




 $+! V$ 7.(!0H9 V7.(0H9 :
6WDQGDUG,     
6WDQGDUG,,     







QXFOHXV =  FORVHG SURWRQ VKHOO DQG 1  FORVHG QHXWURQ VKHOO $W VFLVVLRQ WKH FRPSOHPHQWDU\ OLJKW
IUDJPHQW $/ ZLOO EHPXFKPRUHGHIRUPHG WKDQ LWV KHDY\SDUWQHU$IWHU WKH IXOO DFFHOHUDWLRQRI WKH
ILVVLRQIUDJPHQWVVLQFHWKHGHIRUPDWLRQHQHUJ\KDVEHHQWUDQVIRUPHGLQWRLQWULQVLFH[FLWDWLRQHQHUJ\LQD7
WKHOLJKWIUDJPHQWZLOOEHDVVRFLDWHGZLWKDKLJKHUWHPSHUDWXUHFRPSDUHGWRLWVGRXEOHPDJLFFRPSOHPHQWDU\
SDUWQHU7KH VDPH UHDVRQLQJ FDQEHDSSOLHG IRU WKH6WDQGDUG ,,EXWZLWKDPD[LPXPDW WKHPDVV$+ 
ZKLFKLVDVVRFLDWHGWRWKHGHIRUPHGQHXWURQVKHOOFORVXUH1 7KH6XSHU/RQJILVVLRQPRGHFRUUHVSRQGV
WRDV\PPHWULFPRGHWZRV\PPHWULFQDVFHQWIUDJPHQWVVHSDUDWHGE\DQHORQJDWHGQHFN7KHUHIRUHIRUWKH




 O. Serot et al. /  Physics Procedia  59 ( 2014 )  132 – 137 135















































































ILVVLRQPRGH HPLWVPRUH QHXWURQV WKDQ WKH 6WDQGDUG , DQG 6WDQGDUG ,,PRGHV 7KH WRWDO DYHUDJH SURPSW
QHXWURQPXOWLSOLFLW\LVFDOFXODWHGE\WDNLQJLQWRDFFRXQWRIWKHILVVLRQPRGHZHLJKWV:HJRWQ7RWDO! 
LQFORVHDJUHHPHQWZLWKWKH-())YDOXH,WLVDOVRLQWHUHVWLQJWRQRWHWKDWIRUWKH6W,DQG6W,,PRGHV
WKH OLJKW IUDJPHQWHPLWV LQDYHUDJHPRUHQHXWURQV WKDQ WKHKHDY\RQH7KLVSKHQRPHQRQKDVEHHQDOUHDG\
REVHUYHGIRURWKHUILVVLRQLQJQXFOHL
/DVWO\WKHFDOFXODWHGµVDZWRRWK¶LVFRPSDUHGZLWKH[SHULPHQWDOGDWDLQ)LJOHIWSDUW,QWKH>@
PDVVUHJLRQ WKHREVHUYHGKLJKH[SHULPHQWDOQHXWURQPXOWLSOLFLW\FRXOGUHYHDO WKDW WKHZHLJKWRIWKH6XSHU






136   O. Serot et al. /  Physics Procedia  59 ( 2014 )  132 – 137 
SDUWLFXODUZKHQWKUHVKROGJDPPDGHWHFWLRQNH9LVDFFRXQWHGIRU7KHPDLQFDOFXODWHGJFKDUDFWHULVWLFV




 Q/! Q+! Q7RWDO!
6WDQGDUG,   
6WDQGDUG,,   
6XSHU/RQJ   
7RWDO   
-())   




































































SDUW VKRZLQJ D QLFH DJUHHPHQW ZLWK9HUELQVNL¶V H[SHULPHQWDO GDWD 9HUELQVNL  H[FHSW LQ WKH KLJK
HQHUJ\UHJLRQDERYHDURXQG0H97KH OHIWSDUWRI)LJVKRZV WKH ORZHQHUJ\SDUWRI WKHJVSHFWUXP












 O. Serot et al. /  Physics Procedia  59 ( 2014 )  132 – 137 137
7DEOH6XUYH\RIWKHSURPSWJDPPDFKDUDFWHULVWLFV&DOFXODWLRQVZHUHGRQHZLWKDVLPXODWHGJGHWHFWLRQWKUHVKROGRINH9
([SHULPHQWDOGDWDIURP&K\]KKDYHEHHQDQDO\]HGWKURXJKWZRGLIIHUHQWDQDO\VLVSURFHGXUHVQRWHG$DQG%
 0J! (J7RW! 0H9 HJ (J7RW!0J! 0H9
6WDQGDUG,   
6WDQGDUG,,   
6XSHU/RQJ   
7RWDO   
9HUELQVNL   
3OHDVRQWRQ   
&K\]K$   
&K\]K%   















        
(




*D
PP
D6
SH
FWU
XP
>
ILV
VLR
Q
0
H9
@
*DPPD(QHUJ\>0H9@
9HUELQVNL
),)5(/,17RWDO

*D
PP
D6
SH
FWU
XP
>
ILV
VLR
Q
0
H9
@
*DPPD(QHUJ\>0H9@
9HUELQVNL
),)5(/,17RWDO

)LJ/HIW7RWDOFDOFXODWHGSURPSWJDPPDVSHFWUDFRPSDUHGZLWKH[SHULPHQWDOGDWD5LJKW9LHZRIWKHORZHQHUJ\SDUWRIWKH
JDPPDVSHFWUXPVKRZLQJWKHILQHVWUXFWXUHV
5HIHUHQFHV 
$SDOLQ9)HWDO1XFO3K\V
$VJKDU0HWDO1XFO3K\V$
%DWHQNRY2$HWDO$6$,3&RQI3URF9RO
%HFNHU%HWDO3K\V5HY&
%URVD8*URVVPDQQ60OOHU$3K\V5HS
&K\]K$HWDO3K\V5HY&
'HPDWWq/3K'WKHVLV8QLYHUVLW\RI*HQW%HOJLXP
+DXVHU:)HVKEDFK+3K\V5HY±
/LWDL]H26HURW23K\V5HY&
/LWDL]H25HJQLHU'6HURW2WKHVHSURFHHGLQJV
1LVKLR.HWDO-1XFO6FL7HFKQROS±
2KVDZD7,$($5HSRUW1R,1'&1'6S
3OHDVRQWRQ)1XFO3K\V$S±
5HJQLHU'/LWDL]H26HURW23K\V3URF
5HJQLHU'/LWDL]H26HURW23K\V3URF
6FKLOOHEHHFN[3HWDO1XFO3K\V$
6XULQ90HWDO<DG)L]
7VXFKL\D&HWDO-1XFO6FL7HFK
9HUELQVNL99:HEHU+6XQG5(3K\V5HY&
:DJHPDQV&HWDO3K\V5HY&
:DKO$&/$1/5HSRUW/$
